Purpose: In the Adjuvant Chemoradiotherapy in Stomach Tumors (ARTIST) trial, we investigated whether chemoradiotherapy after D2 gastrectomy reduces the rate of recurrence. Recently, the ratio of metastatic lymph nodes to examined lymph nodes (N ratio) has been proposed as an independent prognostic factor in gastric cancer (GC). The aim of this study was to investigate the relationship between the metastatic N ratio and prognosis of GC after curative D2 surgery. Materials and Methods: We retrospectively reviewed the data of 458 ARTIST patients who underwent D2 gastrectomy followed by adjuvant chemotherapy (XP, n=228) or chemoradiotherapy (XPRT, n=230). The disease-free survival (DFS) rates of patients were used to evaluate the influence of N ratio on the treatment outcome. To achieve this, 4 different N ratio categories (0%, 1%~9%, 10%~25%, and >25%) were compared on the basis of their influence on the treatment outcome. Results: On multivariate analysis, the N ratio remained an independent prognostic factor for DFS. The hazard ratios (HRs) for the N ratio categories of 0%, 1%~9%, 10%~25%, and >25% were 1, 1.061, 1.202, and 3.571, respectively. In patients having N ratio >25%, the 5-year DFS rates were 55% and 28% for the XPRT and XP arms, respectively (HR, 0.527; 95% confidence interval, 0.307~0.904; P=0.020). Conclusions: In patients with curatively resected GC, the N ratio was independently associated with DFS. Although this finding warrants further investigation in future prospective studies, the benefit of chemoradiotherapy for D2 resected GC appears to be more beneficial in cancers having N ratios >25%.
Introduction
Although surgical resection with regional lymph node (LN) dissection is the only curative treatment for patients with gastric cancer (GC), a significant proportion of patients undergoing curative surgery experience disease recurrence that results in poor prognosis. Regional LN dissection performed at the time of curative gastrectomy provides important pathological information for predicting patient prognosis. Although convincing evidence supporting D2 LN dissection is absent in the Western literature, 1 this procedure is already considered a standard treatment option in Asian countries such as Korea and Japan. Meticulous LN dissection might not only identify the patients who require adjuvant chemotherapy owing to the high recurrence risk after surgery, 2, 3 but might also be curative in some of the patients having positive LNs. In the Adjuvant Chemoradiotherapy in Stomach Tu-mors (ARTIST) randomized phase III trial, 4, 5 we compared the outcomes of adjuvant capecitabine/cisplatin (XP) chemotherapy and adjuvant chemoradiotherapy (XPRT) after curative D2 gastrectomy for GC. Although this trial failed to demonstrate an overall difference in disease-free survival (DFS) between the two treatment groups, subgroup analysis indicated that adjuvant XPRT might be more beneficial in patients having LN-positive diseases (3-year DFS, 76% in the XPRT arm vs. 72% in the XP arm; P=0.04).
5
Considering the high recurrence rate and poor prognosis associated with GC patients, it is important to identify patients at high risk for recurrence. In addition to LN positivity, the total number of LNs removed, is an indirect measure of the extent of LN dissection, and it serves as an important factor in GC surgery. 6 In the light of such findings, some previous studies had recommended the use of the ratio of metastatic LNs to examined LNs (N ratio) as a prognostic factor irrespective of the type of LN dissection performed. 7, 8 However, these studies were limited by their retrospective nature, and the prognostic value of N ratio has not yet been prospectively addressed. In the present study, we used data obtained from the prospective ARTIST trial to examine the relationship between the N ratio (defined as the number of positive LNs/the total number of LNs removed) and DFS or overall survival (OS) in GC patients who underwent curative gastrectomy with D2 LN dissection.
Materials and Methods
The complete details of the ARTIST trial were previously published elsewhere. 4 In brief, 458 patients with pathologic stage were randomly assigned to groups.
Surgical specimens were routinely assessed by our dedicated gastrointestinal pathologists. The total number of LNs and the number of positive LNs were reported. At least 15 LNs were removed in 99% of the patients enrolled in the ARTIST trial. 5 The N ratios were divided into 4 categories according to the descriptions by Nitti et al. 9 and Marchet et al. 7 as follows: category 1, 0%; category 2, 1%~9%; category 3, 10%~25%; and category 4, ＞25%.
The cutoff date for the analysis was model. The variables that were identified to be insignificant were dropped one at a time, beginning with the least significant variable. Survival curves were generated using the Kaplan-Meier method. All P-values were two-sided, and those ＜0.05 were considered statistically significant. All statistical analyses were performed using the PASW Statistics software version 18.0 (IBM Co., Armonk, NY, USA).
Results
Of the 458 patients enrolled in the ARTIST trial, 4 396 cases (85%) were LN-positive and 62 cases (13.5%) were LN-negative (Table 1 ). All patients underwent curative gastrectomy with D2 LN dissection and subsequently, they were randomly assigned to receive either adjuvant XP (n=228) or XPRT (n=230). were similar. 5 The 3-year DFS and OS rates were 84% and 87%, respectively, for 62 LN-negative patients, and 74% and 81%, respectively, for 396 patients with LN involvement.
According to the 4-tier classification of the N ratio, the 3-year DFS rates for patients having N ratios of 0%, 1%~9%, 10%~25%, and ＞25% were 84%, 82%, 81%, and 48%, respectively. The corresponding 3-year OS rates were 87%, 88%, 86%, and 59%, respectively. The Kaplan-Meier curves for DFS and OS are shown in Fig. 1 . Considering the similarities in the HRs N ratio = the ratio of metastatic lymph nodes to examined lymph nodes; HR = hazard ratio; CI = confidence interval. for DFS and OS endpoints for the N ratio of 0% to 25% (Table 2) , we employed a dichotomous classification (i.e., 2-tier, 0%~25%
vs. ＞25%). In the Cox regression analyses of the factors associated with DFS and OS, significant interactions were identified between tumor location and the type of surgery, between stage and LN status, and between LN status and N ratio. The final model adjusted for the differences in clinical characteristics showed that the most significant predictor of recurrence was the N ratio ＞25% (adjusted HR, 3.44; 95% CI, 2.45~4.83; P＜0.001).
Similarly, patients with N ratios ＞25% were more likely to die compared to those having N ratios 0%~25% (adjusted HR, 3.55; 95% CI, 2.49~5.05; P＜0.001).
In the ARTIST trial, 5 significant interactions between the XPRT and XP arms and the N ratio were observed. The DFS rates for the XPRT and XP arms showed no significant differences in patients with N ratios of 0%~25% (HR, 0.80; 95% CI, 0.53~1.23; P=0.312). However, in patients with N ratios ＞25% (Fig. 2) , the DFS in the XPRT arm was significantly longer than that in the XP arm (HR, 0.53; 95% CI, 0.31~0.90; P=0.020). Although less significantly, the OS in the XPRT arm was longer than that in the XP arm for patients with N ratios ＞25% (HR, 0.58; 95% CI, 0.34~1.00; P=0.052; Fig. 3 ).
Discussion
The present study confirmed that the prognostic role of N ratio was independent of the pathological stage of the disease or other prognostic factors in a prospective adjuvant trial. The N stage was not included in the final Cox model due to its significant interaction with the N ratio. 10 The results of the analysis strongly suggested that the N ratio provides a model with greater prognostic power than that obtained using the N stage. Our results are consistent with those of previous retrospective studies that reported the N ratio as an effective prognostic tool after D2 gastrectomy in addition to limited LN dissection. 7, 9, 11 Furthermore, we found that patients with N ratios ＞25% would benefit from the addition of radiotherapy to adjuvant XP chemotherapy. Although the guidelines for GC indicate that at least 15 LNs should be removed, 6 it is important to emphasize that the number of LNs removed might vary among surgeons depending on patient selection, the extent of LN dissection, and the number of LNs examined by the pathologists. In fact, the N ratio has also been proposed as a prognostic tool related to LN metastases.9
The principle behind the N ratio arose from a doubt over the impact of extended LN dissection on prognosis and the discussion as to whether better nodal staging might be completely responsible for this effect. The fact that the chances of finding a positive LN was higher for more extensive LN dissection compared to limited surgery, 12 led the authors to postulate that the significance of LN stage would vary among the patients depending on the number of LNs removed.
Nitti et al. 9 proposed a 4-tier categorization of the N ratio (0%, 1%~9%, 10%~25%, and ＞25%) and reported that the N ratio was an independent predictor of survival in their series. The findings of the present study indicated that the N ratio could be used in the stratification of the patients after curative D2 gastrectomy. However, the Kaplan-Meier curves for DFS and OS suggested that the previously proposed categorization of the N ratios might be too complicated, which was supported by the lack of a clear distinction between the DFS and OS curves for the N ratios of 0% and 25% after the risk of events plateaued.
Not surprisingly, when we tested the association between the N ratio and DFS in 396 patients with LN-positive disease, similar results were obtained. In LN-negative patients (i.e., N ratio=0%), the beneficial effect of extended LN dissection has often been linked to staging that is more accurate. The removal of more LNs might possibly be associated with a more accurate final pathologic N staging; it is well established that patients without LN metastases exhibit much better survival compared to patients with LN involvement. Alternatively, even in patients with pN0
disease, removing more LNs that are negative could result in the clearance of micrometastatic cancer foci that are not detected on pathologic assessment. It is likely that a portion of the improved survival that was observed with extended LN dissection in patients without LN involvement could be attributed to the clearance of these micrometastases.
In GC patients who underwent D2 LN dissection, adjuvant chemotherapy involving either S-1 monotherapy or capecitabine/oxaliplatin combination therapy is considered the standard treatment. 2, 3 In the ARTIST trial, 4,5 XPRT did not significantly reduce recurrence compared to XP alone. However, in subgroup analyses, we found that adjuvant XPRT might be beneficial in patients with LN-positive disease. 5 Moreover, our data suggested that the N ratio might be a more useful tool compared to the LN status for selecting patients who can benefit from adjuvant XPRT after D2 surgery. This issue is being addressed in our ongoing multi-institutional ARTIST 2 trial (ClinicalTrials.
gov identifier, NCT01761461), which aims to compare the effectiveness of adjuvant S-1 monotherapy to that of S-1/oxaliplatin (SOX) and SOX plus radiotherapy (SOXRT) in 900 patients with LN-positive GC after D2 surgery.
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